Monolayers of human proximal tubule (HPT) cells, when grown on permeable supports and mounted in Ussing chambers, spontaneously display a transepithelial potential difference (PD) and short-circuit current (Isc). These electrical parameters were used in the present study to determine if aminoglycoside exposure altered electrogenic sodium transport by HPT cells. The results of this determination demonstrated that exposure to gentamicin, at levels below that producing cell necrosis, caused a marked reduction in Isc and that this reduction followed the known in vivo nephrotoxicities of the aminoglycosides streptomycin, gentamicin, and neomycin. It was concluded through a similar analysis on a total of 14 isolates of HPT cells that the aminoglycosides repeatably reduced the electrogenic sodium transport of HPT cells. It was further determined that this alteration in electrogenic transport by gentamicin was mediated through exposure of the drug to the basolateral cell surface and that apical exposure had little effect. Evidence was obtained against the involvement of Na + , K+-ATPase, adenosine 3',5'-cyclic monophosphate, and sodium-coupled substrate transport in this alteration in electrogenic transport by the aminoglycosides. The basolaterally located Na + : CO 3 -2 :HCO 3 -1 symporter is a possible site for aminoglycoside-induced nephrotoxicity.
INTRODUCTION
The aminoglycoside antibiotics have been widely utilized in the clinical management of gram-negative infections; however, their use is associated with acute nephrotoxicity localized specifically to cells of the proximal tubule (2, 12) . This toxicity may remain subclinical or progress to acute renal failure, and it is estimated that 53% of patients treated with gentamicin suffer some form of renal damage (15, 16) . Despite concerted research efforts in both humans and animal models, the biochemical mechanisms responsible for proximal tubule cell injury and subsequent renal failure have not been defined (2) . One area of research interest is based on assessing the alterations the aminoglycosides elicit on transport and enzymatic processes located on the apical and basolateral membranes of the proximal tubule cell. For the apical membrane, previous studies have shown that treatment with aminoglycosides elicits an increase in the excretion of brush-border membrane (BBM)-bound enzymes and a decrease in the activity of these enzymes in proximal tubule cells (1, 13, 19, 22) , an increase in the urinary excretion of glucose and amino acids and a decrease in BBM-bound and proximal tubule cell Na-dependent glucose transport activity (8, 11, 13) , as well as alterations in BBM vesicle Na-dependent phosphate transport and Na+-H+ exchange (12) . Evidence for damage to the basolateral membrane includes reported decreases in the activity of Na+, K+-ATPase (4) and an inhibition of fluoridestimulated adenylate cyclase (31) . The artificial, but highly controlled, environment of cell culture provides one means to study aminoglycoside-induced alterations free of in vivo interferences, and the value of this approach has been shown by a number of investigators (13, 22, 24) . This laboratory has previously shown that cultured human proximal tubule (HPT) cells form &dquo;domes&dquo; in culture (5) , and when grown on permeable supports, the electrogenic transport function/s of the monolayers can be monitored through spontaneously generated electrical parameters using classical Ussing chamber methodology (3) . These electrical parameters have been utilized previously to monitor the effects of streptomycin and cadmium on the electrogenic transport properties of HPT cells ( 10, 24) . In the present study, the effects of the aminoglycosides on the potential difference (PD) and short-circuit current (Isc) T-flasks using procedures described previously by this laboratory (5) . Briefly, the growth medium was a serum-free formulation consisting of a 1:1 mixture of Dulbecco's modified Eagle's medium (DME, Gibco, Grand Island, NY) and Ham's F-12 growth medium (Gibco) supplemented with selenium (5 ng/ ml), insulin (5 ~g/ml), transferrin (5 ~g/ml), hydrocortisone (36 ng/ml), triiodothyronine (4 pg/ml), and epidermal growth factor (10 ng/ml). All growth medium supplements were obtained from Collaborative Research (Lexington, MA). The growth surface was treated with a matrix consisting of bovine type 1 collagen (Collagen Corp., Palo Alto, CA) with adsorbed fetal calf serum (Gibco) proteins as previously described (5 [4] [5] [6] [7] . In all cases, the response was independent of passage number (data not shown).
Na+, K+-ATPase Determination
The activity of Na+, K+-ATPase was determined on HPT cells using the methods described previously by Johnson and coworkers (14) and Forbush (7) . The 
Measurement of cAMP
The determination of cAMP was performed as described previously (6) (Fig. 2a, b) . The minimum exposure necessary to elicit a significant reduction (a = 0.05) in PD was 250 wglml for seven isolates (E, F, H, J, K, L, M), 500 ~g/ml for three isolates (A, I, N), and 1,000 ~g/ ml for four isolates (B, C, D, G) (Table II) . Thus, gentamicin had no effect on the ability of forskolin to stimulate the intracellular accumulation of cAMP.
The effect of selective apical versus basolateral exposure to gentamicin on the Isc and PD for seven independent isolates of HPT cells. The seven isolates were exposed to 1,000 jig/ml of gentamicin either in the apical, basolateral, or both growth media chambers for 4 days and the Isc and PD determined. Four filter preparations were utilized for each determination and results expressed as a percentage of control. The small increases noted at gentamicin = 1,000 ~g/ml in isolates E and N are not statistically significant. 
DISCUSSION
In the present study, advantage was taken of a cell culture system of HPT cells (3, 5) 
